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PREFACE 


AUTHORIZATION 


This  study  has  been  conducted  under  Neva!  Proving 
Ground  Experimental  Project  APL-5  ss  authorized  in  Bureau 
of  Ordnance  letter  !''T=>9/A9(Re3 )  dated  9  January,  19A3- 


OBJECT 


To  determine  the  metallurgical  characteristics  of 
3"  Class  A  armor  plates  and  to  correlate  these  character¬ 
istics  with  ballistic  cerforroance. 


Ballistic  limit  determinations  were  .nade  on  eight 
3"  Class  A  ballistic  test  plates  with  3”  AP  M61  projectiles 
at  20®  obli-.uity.  The  plates  were  sectioned  for  raetallur- 
gicel  investigation  including  chemical  couipositlon,  tensile 
properties,  hardness  distribution,  maoroexaninetlon  and 
microexamination. 

A  variation  In  ballistic  quality  was  found  to  exist 
both  betwean  different  plates  and  over  the  area  of  a  single 
plate.  The  maximum  difference  in  bellistlo  limit  v/es  15% 
against  3”  AP  K61  projectiles. 

An  excellent  correlation  was  obtained  between 
ballistic  limit  and  hardness  distribution.  It  is  sh<7Wii 
that  plates  with  high  surface  hardness  end  hard,  deep 
chills  have  hich  limits  a  alnat  the  3”  AP  M6i  projectiles. 
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I. 


INTRODUCTION , 


For  the  psot  two  years  an  inoreesing  amount  of 
work  has  been  done  on  testing  verlcus  3’’  ‘F  Projesni.les 
against  3”  Class  -A’’  aT*mor  p]ate  LicTle  iniormaticu 
has  been  available  concerning  the  rneta] lurgical  character¬ 
istics  or  the  uniform  y  of  these  test  plates.  With  this 
in  view  it  was  considered  desirable  to  study  sevBral  3'’ 
Class  ”  armor  plates  as  to  chemical  composition,  hard¬ 
ness  distribution,  depth  of  chill,  depth  of  "hard**  face, 
tensile  properties,  mecrostruct ure  end  microstructure, 

Pl.jtes  ware  su^pliad  as  12*  b''’-  9’  ■projectile 
Test  Plates  for  acceptance  test  at  the  Plate  Battery  of 
the  Naval  rroviug  Gro’ind,  They  were  subsequently  sectioned 
into  plates  3’  by  3’  for  tests  at  tha  i.rmor  and  Projectile 
Laboratory  Range  where  the  firing  I’eported  herein  was 
carried  oi’t, 

II  BALLISTIC  TISTvS, 

Test  Conditions: 

Gun: 

Projectiles : 


Obliquity: 

The  results  of  ballistic  tests,  which  are  given 
in  detail  in  fppendix  A,  are  summarized  below.  Pene¬ 
tration  and  e'^fect^ve  limits  are  expressed  as  per  cent 
of  theoretical  Class  B  plate  limits  given  in  Buord  Sk. 
788U. 


APL 

Mfg, 

Plate 

Plate 

Penetration 

3ff active 

No. 

Hfg.  No, 

Limit 

Limit 

278 

Midvale  7226-2 

105±1 

10511 

209 

Cam. -Ill.  1:3630 

107±1 

10711 

275 

Cam  -Ill.  JJ256 

118±2 

above 

126 

290 

Cnrn.-Ill.  11256 

116±2 

12012 

279 

C«rn.-Ill.  11298 

118±2 

11812 

289 

C’irn.-Ill.  11293 

11212 

11212 

280 

Cam. -Ill.  JJ654 

12012 

above 

125 

288 

C  rn.-Ill.  JWk 

11512 

11711 

-1- 


3’’/50  Cel.  Ilk,  19  No,  5523. 
3"  I‘l6l  /P  projectiles  manu¬ 
factured  by  Bethlehom  Steel 
Co.,  (Beth.  Dirifg.  No.  DA-301), 
20° 
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The  plate  c^uelity  is  specified  in  terms  of  two 
limits.  The  ‘’penetration  limit**  is  the  minimum  velocity 
at  which  all  of  the  projectile  penetrates  the  plate  re¬ 
gardless  of  the  condition  of  the  projectile.  The 
’•effective  limit”  is  the  minimum  velocity  at  which  a 
complete  penetration  is  obtained  with  the  projectile  In 
an  effective  bursting  condition. 

Photo^p?aphs  of  the  ballistic  test  plates  and  pro¬ 
jectiles  are  Included  in  Anpendlx  B. 


HI  iniT^LLUKGICiX  STT^Y. 

DI3TRIBITI0NS. 

Appendix  C  contains  hardness  distribution  curves 
for  each  of  the  plates  tested.  These  shw  the  variation 
of  **B(3”  hardness  through  the  cross  section  from  face  to 
back. 


The  "chill”  depth  has  been  taken  as  the  distance 
from  the  face  to  a  point  where  the  hardness  distribution 
curve  falls  to  a  value  of  Rq  -  35*  Similarly  the  "hard 
face"  depth,  related  to  the  manufacturers’  "undrillable" 
depth,  is  the  distance  from  the  face  to  a  hardness  of  Rq 
-  50  on  the  curve.  These  are  more  or  less  arbitrary 
selections  of  “hardness,  but  excerience  has  shown  that 
the  limits  of  the  chill  end  the  undrillable  depths  as 
determined  bv  the  msnufacttircrs '  drill  tests  are  generally- 
located  at  approximately  these  values, 

i!ACR0^yj^^Tir;.TT0F. 

Two  oross— section  samples  of  aach  plate  were  given 
different  Macro-etches;  the  first,  an  ammonium  persulphate 
etch  to  fiellneata  the  depth  of  oarhurizetion,  the  depth 
of  chill  and  the  flow  lines  in  the  metal;  and  the  second, 
a  hot-ecid  deep  etch  to  show  up  any  macro-segregation  as 
well  as  flow  lines.  T^oto-ra  hs  of  these  etched  sections 
given  in  /ppendix  D  show  normal  aagragation  and  wavy 
flow  lines  indicating  the  difficulty  of  uniform  forging 
on  this  gauge  of  armor.  The  deoth  of  <xhlXl  can  be  measured 
frooi  the  persulphaira  etched  sections  as  a  check  on  the 
results  obtnined  b'  hardness  measuremants. 


laCHOEX/J  ITNiiTTON . 


Fhotomicrographs  are  given  in  ..ppendix  E  which 
are  representative  of  the  microstructures  of  each  plate. 
In  all  cases,  the  face  consists  of  many  undi&solved 
carbides  in  a  martensitic  matrix,  while  the  back  shows 
a  normal  fine  spheroidized  structure  with  ferrite  ^matrix. 


cm:moAi  afd  phY'^icil  proc^rties . 

Chemical  analyses  were  made  on  ell  plates  as 
chocks  against  the  manufacturer’s  reported  composition. 
Detailed  results  given  in  /ppendix  I  show  only  minor 
differences  between  A,  &  P.  Laboratory  and  reported  ana¬ 
lyses,  The  physical  properties  were  obtained  on  each  plate 
and  reported  in  Appendix  F.  The  results  check  .uite  closely 
tho  valuus  givs-n  by  the  manufacturer. 

Tho  per  cant  "chill”  and  per  cent  "hard  face"  deter¬ 
mined  from  tho  hardness  distribution  curves  are  included 
in  Appendix  F  together  witn  the  chill  and  undrillable 
depths  os  determined  by  the  manufacturer's  drill  test. 

It  will  be  noted  tnat  in  a  single  full  size  plate  tnore 
is  as  much  as  lO/o  variation  in  per  cent  chill  and  7% 
variation  in  p  r  cent  undri'leblo. 

Appendix  G-  contains  schematic  drawin-^  s  of  tho 
manufacturer’s  plates  showing  method  of  sectioning  for  tho 
small  test  plates.  The  positions  from  which  motallurgical 
samples  were  taken  are  sho^  n  by  cross  hatched  areas. 


IV  DI3C^t5SI0r. 

11  but  on  of  th-;  3”  Class  ..  dates  studied  in 
this  report  v'orB  made  b'”  Carnogi  -Illinois.  They  are 
all  similar  in  c  emiccl  composition  and  have  similar 
t  nsil -■  pronortiv.j  ■  ni  yot  t  or-  is  a  laximum  difference' 
of  in  "pen^t  '  tton"  limit  and  of  over  20^  in  "offectivo" 
limit  ■■r-  inst  tho  3”  M61  proj  ctlla  at  20°  obliquity. 

This  difference  con  be  corr  i«<t-d  dlr  -ctly  with  thu  hard- 
n*ss  distribution  introduced  by  flnel  wat^r  harden¬ 
ing  h-nt  t.  f tm^nt . 

In  tUw  t'  bl'  b-low  tne  plat  s  ir .  list  ed  in  th.' 
ord  r  of  thdr  "penetration"  limit  v  locities.  The  per 
cent  "chill",  ner  cent  "bard”  lac  and  m''^ximum  face 
hardness  y  obta  nod  from  the  hf.rdnjss  distribution 


curvas  shown  in  Appendix  C,  These  curves  are  considered 
to  ha  representetive  of  the  3’  x  3'  plates  from  Vvhich 
the  sompievS  wpre  taken. 


APL 

PL/.TE 

NO. 

Mfg, 

Plate 

No. 

Penetration 
Limit  Vel, 

{%  Sk. 78841 

%  Chill 

Depth 

(”Rc”-‘35) 

%  Hard 

Depth 

(Rp--50) 

Max .Face 
Hardness 

( ’'Eo" ) 

Group 

A 

278 

7226-2 

105±2 

33 

9 

53 

209 

ii:E630 

107±2 

32 

12 

52 

289 

IJ298 

112±2 

32 

11 

57 

Group 

B 

288 

JJ654 

115±2 

45 

19 

57.5 

290 

JJ256 

11612 

34 

17 

58 

275 

IJ256 

11812 

44 

18 

59 

279 

JI298 

11312 

41 

13 

58.5 

280 

II654 

12012 

50 

18 

58 

For  ease  in  coinparlng  the  plot  s,  they  have  been  divided 
into  two  groups  {A)-plates  with  low  limit  velocities, 
and  (B)-plates  with  high  lliiiit  velocities.  In  Group  A, 
the  platvis  ht  ve  shallow;  chill  to  33%)  end  little 

’’hard”  face  (9%  to  12%),  In  Group  B,  the  plates  have 
varying  depth  of  chill  (34%  to  50%),  but  all  have  a  high 
percentage  of  ’’herd”  face  (17%  to  19%)  and  all  have  a 
high  face  hardness  (Rq  57  to  Rq  59). 

It  is  difficult  to  determine  the  relative  impor¬ 
tance  of  per  cent  chill  depth,  pjr  c-nt  ”hard"  depth,  and 
maximum  hardness  because,  in  n  ral,  the  deeper  the 
chill,  tho  hi -her  the  maximum  hardne's  nd  the  great  ar  the 
per  cent  ’’hard"  d^nth.  Kow-v  r,  from  the  results  obtained 
on  these  eight  pl.t  s  t'  following  gen-r  litles  can  be 
drawn. 


Per  Cent  Chill  iocs  not  appear  to  bo  a  controlling 
factor.  In  Grroup  t,  the  per  cent  chill  vari  .*s  16%,  while 
variation  in  limit  is  only  55'.  APL  290  with  34% 

chill  has  an  11%  raargin  ov.r  plate  ,.PL  278  with  33%  cnlll. 
On  tho  other  hand  pl-jto  .'.FL  290  ncs  a  proxiitir. *  -ly  t.  e  same 
limit  as  plate  A"®!  238  whien  has  ^  45^  chill. 


Per  Cent  "Hard”  is  a  very  important  factor  and  a 
high  percentagu  of  ’’hard”  face  is  essential  to  obtain 
hi^  ballistic  limits.  This  is  confirmed  by  these  data 
and  by  the  experience  of  the  Naval  Proving  Ground  on 
other  gauges  of  Class  A  armor. 

Ivlaximum  Face  Hardness  is  important  as  shown  by 
the  results  oh  plates  hPL  209  and  hPL  289.  These  platas 
have  approximately  the  same  per  cent  chill  and  per  cent 
"herd”  ohd  have  a  5%  difference  in  limi'c.  This  differ¬ 
ence  can  be  ascribed  to  the  higher  face  hardness  of  Plato 
AVL  289.  In  all  nrobability  there  is  a  critical  hardness, 
dependent  on  the  projectile  hardness,  to  which  the  plot© 
face  must  bo  raised  in  order  for  the  plate  to  have  a  high 
ballistic  limit.  If  the  maximum  face  hardness  is  below 
this  critical  hardness,  the  plate  'will  have  a  lov;  limit. 

On  the  other  hand,  it  is  balitved  that  variations  in 
face  hardness  will  not  have  marked  eff*. cts  on  plate  limits 
as  long  as  the  face  is  sufficiently  hard  to  break  up  the 
projectile.  The  hardness  of  the  cap  and  of  the  nose  of 
3"  projectllos  is  approximately  Rq  55  while  the  .oajority 
of  3”  Class  A  plates  obtained  recently  have  a  face  hard¬ 
ness  of  about  Rq  58. 


V  COITCIITSIONS : 

The  ballistic  tests  on  3”  Cl^ss  ^  plates  against 
3"  AP  H61  projectiles  show  a  wide  vari  tion  in  limit  bo- 
t’  een  plates  and  between  different  areas  in  ti=e  same 
plate.  The  maximum  variation  in  punetration  limits  in  the 
^ight  plates  inv;stigoted  is  15^  with  a  6%  variation  in 
plates  taken  from  a  single  large  plate.  The  Vorlction  in 
"effoctlve"  limit,  that  is,  in  the  minimum  velocity  at 
which  a  complete  nonetrst  on  is  obtained  with  tne  pro¬ 
jectile  in  an  eff  ctive  burstin  condition,  is  ov  r  21^ 
botWuon  plates  and  over  8^  in  a  single  l'‘rge  plate. 

Th.  pi  t-3  cro  f uite  similar  in  chemical  compo¬ 
sition,  tonsil©  property  s  and  microstructuTv.  The  main 
var'^tion  in  tha  pi  t-^s  is  in  the  hrrdne  s  distribution 
introduced  dur  ng  final  wat  jr  hard-*nlng.  An  excell  nt 
correlation  c  n  be  obt  ined  tetw  n  th^  ballistic  pro¬ 
perties  of  the  plat'  and  the  hardn  ss  distribution, 
high  ner  c  nt  of  "h  rd"  f  cj  is  r-*  ul^v^d  to  obtain  high 
limits. 


Tha  maximum  fncw  hardn'-ss  is  ''n^'th  r  import'  nt 
factor  in  obtaining  high  ballistic  udity.  a  haranass 

-5- 
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of  nt  lofiflt  Rg  57  is  required  against  3”  AP  proj.^c- 
tilos . 

Tho  p.jr  cent  chill  Is  found  to  hu  reletivoly  un¬ 
important  in  determining  ballistic  quality,  Vv’ide  vcri- 
etions  in  chill  have  little  effect  on  the  limits  of  the 
pl''tes  as  long  os  the  per  cent  ’’hard”  and  maximum  foce 
hardness  are  the  same. 
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A^P-^NDIX  A 


B.'‘LLISTIC  PPSULTS 


SYMBOLS 


. 

S.V.jf.s  .  .  . 

P'Snoo  •  •  •  •  • 

Comp,  ,  .  .  .  . 

Inc..  ,  ,  .  .  , 

SIP . 

Partial  .  .  .  , 

% . 

F- . 


v^hero 


,  .  .Plate  thickness  at  impact  in  inches. 
.  .  .Obliquity. 

.  .  .Striking  velocity,  feet  pur  second. 

.  .  .Depth  of  penetration  in  inches. 

.  .  .Complete  Penetration,  Projectile 
completely  through  the  plate, 

.  .  .Incomplete  Penetration.  Projectile 
rejected . 

,  .  .Projectile  stuck  in  Plate. 

,  ,  .Part  of  projectile  through  plate. 

,  .  S  empirical  F(0/d,9)  value 
(Buord  Sk.  78841) . 

.  .Thompson  F-coefficient  define  d  by 
the  relation: 

41.57  cos  9 

F  =  ^ 

e  d 

limit  velocity  (minimum  velocity  for 
complete  penetration) 


B  LLIS^IC  D'-Tii 

Projectile;  3”  M  61  Proj  ctil^s  m°nufoctured  by 

Bethlehem  S'^eel  Cono-'ny  (Beth.  Dwg,  No, 
DA-301)  at  20*^  obliquity, 

Pl^'t-  ;  3"  Class  "i.”  s  cit  d. 
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Midvale  No,  7226-2 


B.IoNo. 

API 

Plate 

No. 

t»  ^  V 

MQt, 

S.V. 

f  .  3 

Pane 

^  Sk 

Proj.Gond.  78841 

1737  API 

278 

3720 

20®10’ 

1777 

Inc. 

Eff.Base  dent.  103 

173B  API 

278 

3720 

o 

o 

O 

1807 

1-3/4" 

Nose  intoct, 

Ineff.  Shet-  104 

1739  APL 

278 

3720 

20®10» 

183/. 

Comp. 

taxed. 

Eff  Base  dent. 

1736  /iPL 

278 

3V20 

19°30' 

1857 

Corap. 

No30  intact.  106 

Eff,  Bsse  dent. 

Beth. 

M6l  (Group  D)  Est. Limit  F  = 

Nose  intact,  108 

51,500±400(105±1^) 

Garne^la-Illlnols  No* 


1211  APL  209 

3722 

19“45’ 

1771 

Inc , 

Ineff .Shattered 

99 

1212  atjl 

3V21 

19^25' 

1874 

Inc. 

Inaff .Shattered 

106 

1210  /PL 

3723 

20°10» 

1924 

Comp. 

Eff /'hole 

108 

1209  APL 

3718 

20°20' 

2045 

Como. 

Eff  .V^hole 

116 

Bath.  M61  (Group  D)Liniit-F  =  52,300±500(107±1'^) 


Cprnegle-Illlnois  No.  JJ256 


1766  /PL 

275 

3721 

19®40»  2014 

Inc . 

Inoff .Shattered  116 

1767  APL 

3721 

19%0»  2087 

Comp, 

Ineff.  Nose 

broken 

121 

1768  APL 

3721 

19°30»  2169 

Comp. 

Ineff.  Split 

126 

into  c  ivity . 

Beth. 

M61  (Group  D)Limit- 

-F  =58,000±1000{118±2^) 

1805  /PL 

290 

3742 

20®00»  is^^s 

Inc. 

Inoff.  Shat¬ 

109 

tered, 

1802  /PL 

3742 

20‘’10»  2038 

Par . 

Indf,  Nose 

114 

sn  ttered. 

1803  /PL 

3742 

20°00»  2157 

Comp. 

Inaff. Nose  off 

118 

1804  PL 

3742 

19°50’  2177 

Comp. 

Eff .Nose  off. 

119 

1805  .■PL 

3742 

20®00’  2226 

Comp. 

Prob.  Ineff, 

Nose  off. 

122 

Both. 

iroup  D)Liait 

^  «  53,000±100(116±2<3g) 

-9- 


4 


Carncglo  ~  Illinois  No.  JJ298 


/PL 


B.I.No* 

Plata 

No, 

»»a” 

ItQM 

S.V. 
f  .3  . 

Pena, 

Pro.j  oCond . 

%  Sk. 

78841 

1740  ’PL 

279 

3V15 

20°00’ 

1887 

Inc . 

Inaff .Shat¬ 

111 

1742  iPL 

3V15 

20°00» 

1983 

SIP 

tered. 
Ineff.  Nose 

116 

1741  /PL 

3V15 

20°00’ 

2050 

Comp, 

split  into 
cavity. 

Eff, Intact 

120 

Beth. 

K61  (1 

Group  D)  Li  'iit 

F«  57, 

000±1000(ll8±2fo) 

1801  /vFL 

289 

1: 

3‘218 

If/activt 

20'’30’ 

i  Pdnatration 

1886  Inc. 

at  120%) 

Ineff .Shat¬ 

109 

1800  APL 

3 ’.’18 

20°00’ 

1953 

Comp. 

ter  ed  • 
Sifective . 

114 

1799  APL 

3’-’18 

20‘>10» 

1993 

Comp, 

Whole. 
Effective . 

116 

.'iioly 


Beth.  K61  (Group  D)  Limit  -F  =  54,500+1000  1(112±2%) 


Carneglo-Illlnols  No.  J'J654 


1769 ''PL 

280 

3’a2 

19‘’30» 

1963 

Prr, 

lU'^ff.  Shat¬ 
tered. 

116 

1770  ;PL 

3’.’ 11 

19050’ 

2032 

CP 

Not  recovered 

120 

1771  - 

3’.’13 

19®40» 

2023 

Prr. 

Ineff.  Shat¬ 
tered  . 

120 

1772  APL 

Bath. 

3V12  19®30’  2113 

M61  (Group  D)  Limit 

Comp,  Ineff,  Shat¬ 

tered  . 

F  =  58, 200±1000( 12012%) 

125 

1798  APL 

288 

3':i3 

20*^0’ 

1858 

Inc , 

Ineff.  Sh  t- 
ter  -d , 

109 

1794  .  n, 

3':i5 

lO^O’ 

1915 

Ineff ,  Sh' t- 

twT  d. 

113 

1793  PL 

3n5 

19®40* 

1973 

Cr...p. 

Inefi ,  Nose 
rh  't'’-  -  red. 

116 

1795  ‘PL 

3715 

19^40' 

2:03 

Comp, 

.ff.I’o  a  broken 

118 

1796  PL 

3713 

20®00' 

20.9 

Coup. 

.ff.Nose  broken 

121 

Eeth.  M61  (  ir'^'ip  P)  V  ^  +r^*  ‘on  F  •  • :  .1>»00(115^.25«) 

Effect Iv.  Limit  F  -  57,OOOt506(117119i) 
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A7T^OT)IX  B 

Photogrnphs  of  Bnlllstic  Test  Plates 
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APPENDIX  C 


Hardness  Distribution  Curves  Through  Plate  Cross  Sections 
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Fig.  13 


/.■^PEI'TDIX  D 


Mncro-atched  Cross  S  ctions  of  Pistes. 


NPG  Photo  No.  1320  (APL) 


-CONPIDSKTIAL- 


23  D«o«aber  1943 


MACROETCHED  CJR0S3  SECTION  OF  MIDVALE 
3"  CLASS  "A"  PLATE 
7226-.2 

(Actual  Slza) 


Etch  A: 
Etch  B: 


-  30  Secs. 

38%  Cl,  12%  HgSO/j^,  50%  H2O  -  2-3Houra  -  160*F 


Etch  A  - 


NPG  Photo  No.  1321  (APL) 


-CONFIDEJJTIAL- 


23  December  1943 


^^ACROETCHED  CROSS  SECTION  OF  CARNEGIE 
3"  CLASS  "A"  PLATE 
EE630 

(Actual  Size) 

Etch  A:  10^  Ammonium  Persulphate  -  Swab  -  30  Secs. 

Etch  B;  38^  HCl,  12^  H2S0^,  50^  H2O  -  2-3  Hours  -•  160*F 


PG  Photo  No.  1J2<.  (APL) 


-CONFIDEKTIAL- 


23  December  1943 


Etch  B  - 


MACROBTCHED  CROSS  SECTIONS  OF  CARNEGIE 
3"  CLASS  ”A"  PLATE 
JJ256 

(Actual  Size) 

Etch  A:  10%  Ammonium  Persulphate  -  Swab  -  30  Se3s, 

Etch  B:  38%  HCl,  12%  H2SO4 ,  50%  H2O  -  2-3  Hour?  -  160*F 


Etch  A  - 


— Chill  Depth 


APL  -  275 


APL  -  290 

■< - Face 


Fipi.  16 


N?G  Photo  No.  1323  (APL) 


-CONFIDENTIAL-  23  Deoembor  1943 


MACROETCHED 

3" 


CROSS  SECTIONS  OF 
CLASS  "A"  PLATS 
JJ298 


CARNEGIE 


(Aotual  Size) 


Etch  A:  10^6  Ammonium  Persulphate  -  Swab  -  30  Secs. 

Etch  B:  385^  HCl,  12^^  H2SO4,  50%  H2O  -  2-3  Hours  -  160*F 


Etch  A  - 


— Chill  Depth 


APL  -  279 


APL  -  289 

Face 


N  *G  i^hoto  No 


CUNT* DEI  T*AL 


23  December  1943 


MACROETCIIED  GROSS  SECTIONS  OF  CARNEGIE 
3"  CLASS  "A"  PLATE 


(Actual  Size) 

10^  /unmonimn  Persulphate  -  , 
38%  HGl,  12%  H2SO4,  50%  H2O 


Etch  A 
Etch  B 


Swab  -  30  Secs. 

2-3  Hours  -  160*F 


Chill  Depth 


Etch  A 


Etch  B 


;pp^j,TDIX  E 


P-oprosentntive  Photomicrogrenhs  of  F^'ce  find  Bock  of  Piet 


N?G  Photo  No 


CONFIDENTIAL 


22  December  1943 


MICROSTRUCTURE  OF  FACE  AND  BACK 
UF  MIDVALE  3"  CLASS  "A"  PLATE 
7226-2 


Magnification  lOOOX  —  Picral-Nital  Etch 


Back 


MICROSTRUCTUR]?  OF  FACE  AND  BACK 
OF  CARTiEGJE  3"  CLASS  "A"  PLATE 

EE630 


Magnification  lOOOX  --  Picral-Nital  Etch 


NPG  Photo  No.  131L  (APL) 


-OOlTlDjSNTIAL- 


22  Deoember  1943 


M-160 


Face 


M-338 


Fig.  20 


NPG  Photo  No.  1315  (APL) 


-CONFIDENTIAL- 


22  December  1943 


MICROSTRUCTURE  OF  FACS  AND  BACK 
OF  CARNEGIE  3"  CLASS  "A"  PLATE 

JJ256 


Magnification  lOOOX  —  Picral-Nital  Etch 


# 


NPG  Photo  No.  1316  (APL) 


-confidkntial- 


22  December  1943- 


MICROSTRUCTDRE  OF  FACE 
OF  CARNEGIE  3"  CLASS 
11298 


AND  BACK 
"A"  PLATE 


Magnification  10001  —  Pioral-Nital  Etch 


Tig,  22 


NPG  Photo  No.  1317  (APL) 


-CONTIDENTIAL- 


22  December  1943 


MICROSTRUCTURE  OF  FACE 
OF  CARNEGIE  3"  CLASS 


AND 

"A" 


Bi.CK 

PLATE 


Magnification  lOOOX  --  Picral-Nital  Etch 


Face 


Back 


M-.3O8 


M-307 


Fig.  23 


CHFHTCAL  COP!?OSITION 
N8IL^  ?RO?':iR?I']S  OF  B.  CK 


CHILL  TLST  RESULTS. 


Chtimlcal  i'.nq lysis ; 


Pinto 

C 

Mn 

P 

3 

Si 

m 

Cr. 

7226-2  Mldvnle 

T-  0.32 
B-  0.32 

0.27 

0.27 

.017 

-016 

.022 

.021 

*07 

.07 

3.85 

3.86 

1.64 

1.64 

A?L 

0.30 

0.32 

.012 

.026 

.07 

3.68 

1.64 

^"’1630  Cprnogio 

T-  0.33 
B-  0.32 

0.28 

0,26 

.019 

.018 

.025 

.026 

.07 

.07 

3.91 

3.71 

1.98 

1.80 

A7L 

0.34 

0.26 

-017 

.024 

.07 

3.75 

2.02 

iTJ256  C?^rnofie 

T-  0.36 
B-  0.33 

0.21 

0.20 

.015 

.014 

.027 

.026 

.07 

.06 

3.68 

3.68 

1.66 

lr66 

0.33 

0.23 

.017 

.022 

.08 

3.55 

1.66 

JJ29S.  Carnegio 

T-  0.37 
B-  0.37 

0.21 

0.20 

w014 

.014 

.028 

.028 

.07 

.07 

3.22 

3.20 

1.45 

1.41 

\PL 

0.35 

0.20 

.018 

.022 

.07 

3.18 

1.43 

Jtr654#  Carnegie 

T-  0.35 
B-  0.3A 

0.20 

0.22 

.013 

.010 

.030 

.026 

.09 

.09 

3.68 

3.70 

1.74 

1.74 

APL 

0.33 

0.21 

.015 

.017 

.08 

3.65 

1.74 

-16 


Tensile  Proportioa  of  Bnck; 


Plate 

APL  No. 

Y.P. 

Elong. 

R  ».h  . 

T- 

90,000 

109 '-500 

27.0 

69.9 

7226-2  Midvale 

90,500 

no;  000 

26,8 

63,5 

;.?L 

27S 

90,750 

108,625 

26.3 

67.4 

T- 

83,  UO 

107,600 

27.0 

69.3 

ES630  Carnegie 

B 

80,880 

107,300 

27.0 

63.5 

B  209 

90,200 

104,500 

26.4 

72.0 

T- 

81,880 

104,800 

26 . 5 

71.4 

JJ256  Carnegie 

B- 

80,280 

102,100 

27.0 

71.4 

/PL 

T  290 

80,400 

100,150 

25.7 

73.9 

B  275 

80,000 

100,100 

28.6 

72.5 

T- 

81; 140 

106,800 

26.5 

65.9 

1^296  Carnegie 

B- 

85,080 

109,500 

29o0 

66 .5 

;PL 

T  289 

84,900 

105,300 

26.1 

67.5 

B  279 

92,700 

107,300 

26.4 

69.0 

T- 

93,120 

116,100 

25.0 

65.9 

JJ6.54  Carnegie 

B 

89,380 

114,300 

35.0 

64.7 

T  288 

93;750 

110,650 

26.1 

70.5 

B  280 

93,250 

111,150 

26.4 

70.3 

-17- 
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Chill  Tast  Results: 


{/.PL  Chill  -  Depth  e,t  ”RC”  35) 

(APL  Undri liable  -  Depth  at  50) 


Plata 

APL 

No, 

Gauge 

XisO 

Chill 
(in. ) 

ITn- 

Chill  drill 
ijp)  (in.) 

Un¬ 

drill 

(^) 

7226- 

T- 

2  Hidvale  B- 

3-1/8 

3-1/16 

1-1/2 

1-3/8 

48 

39 

- 

APL  278 

3.2 

1.05 

33 

.30 

9 

PE630 

T- 

Carnegie  B- 

3-1/4 

3-1/4 

1-3/16 

1-1/16 

34.8 

32.7 

3/4 

5/8 

23.1 

19.2 

''*PL  B-209 

3.25 

1.05 

32 

.38 

11,7 

irJ256 

T- 

Carnegle  B- 

3-3/8 

3-5/16 

1-1/4 

1-9/16 

37.0 

47.1 

1/2 

5/8 

14.8 

18.9 

APL  T  290 

B  275 

3.4 

3.2 

1.15 

1.40 

34 

44 

.57 

.56 

16.8 

17.5 

JJ29? 

T- 

Cornegie  B- 

3-3/16 

3-3/16 

1-1/16 

1-1/2 

33.3 

47cO 

7/16 

5/8 

13.7 

19.5 

/PL  T-289 

B-279 

3.1 

3.15 

1.0 

1.30 

32 

41 

.33 

.55 

10.7 

17.5 

JL654 

T- 

Carnegla  B- 

3-3/16 

3-1/8 

1-7/16 

1-5/8 

45.1 

52.0 

1/2 

1/2 

15.6 

16.0 

APL  T  -238 

B  -280 

3.1 

3.1 

1 « 4 

1.55 

45 

50 

.60 

.55 

19.4 

17.8 

-IQ- 
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Cnrbon  Grrdisnts:  {ns  raportod  by  mrnufacturer) 


Plnte 

1121 

3/4" 

Beck 

T-  1.04 

.58 

.32 

.32 

*^226-2 

Midvnle 

B-  1.03 

.58 

.32 

.32 

1/16” 

1/4" 

1/2” 

H 

Beck 

T-  .91 

.80 

.40 

.33 

.33 

EE630 

Crrnagle 

B*-  1.03 

1.08 

.  48 

.37 

.32 

T-  .92 

.99 

.60 

.34 

.36 

O-J-256 

Cnrnegie 

B-  1.36 

1.20 

.67 

.36 

.33 

T-  .94 

1,23 

,64 

.38 

.37 

JJ298 

Carnegie 

B-  .98 

.96 

.60 

.38 

.37 

T-  .96 

1.04 

.72 

.36 

.35 

JJ654 

Cnrnegie 

B-  .92 

1.05 

.59 

.35 

.34 

APP^FDIa  g 

Skstches  of  Mpnufflcture-s •  Plata  Sectioned  for 

Sriell/Teat  Plates. 
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Class  "A"  Projsotlie  Tsst  Plats 


to 

IN 

(M 

Si  i 

i 

to 

< 

■ 

w> 

◄ 

TV 

4 
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Class  "A"  Projaotil#  Test  Plate 
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**NOTICEt  When  Government  or  other  drawings,  specifications  or 
other  data  are  used  for  any  purpose  other  than  in  connection  with 
a  definitely  related  Government  procurement  operation,  the  U.S. 
Government  thereby  incurs  no  responsibility,  nor  any  obligation 
whatsoever)  and  the  fact  that  the  Government  may  have  formulated, 
furnished,  or  in  any  way  supplied  the  said  drawings,  specifications 
or  other  data  is  not  to  be  regarded  by  implication  or  otherwise  as 
in  any  manner  licensing  the  holder  or  any  other  person  or  corpora- 
tion,  or  conveying  any  rights  or  permission  to  manufacture,  use  or 
sell  any  patented  invention  that  may  in  any  way  be  related  thereto.** 


Class  "A"  Projeotila  Test  Plate 
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Class  "A'*  Projactlle  Test  Plate 
Camegia  No.  JJ2S6 


Class  "A"  Projectile  Test  Plate 


NPG  Photo  No.  1311  (APL)  -CONFIDENTIAL-  22  December  1943 
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